MacLean and de Wesselow (1) examined the type of blood sugar curves obtained in normal and diabetic subjects. They suggest that such curves rise very slowly or fail to rise during the second thirty minute period following administration of sugar by mouth, due to stimulation of the glycogen storage mechanism which abstracts the sugar from the blood more quickly than it enters. They believe that this dormant glycogen-forming function of the liver does not begin to act until the sugar concentration approaches 140 mgm. per cent. That the glycogen-storing function is stimulated by hyperglycemic levels is supported by Foster (2). He found that oral administration of glucose, when the concentration of the blood sugar is falling, results in little or no increase in blood sugar. This observation of Foster has been amply confirmed, especially by the work of du Vigneaud and Karr (3) and later by Lennox and Bellinger (4).
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That there is a relation between the fasting blood sugar level and its rise above the fasting level following the administration of levulose by mouth seems borne out by this investigation. This relationship is intimately concerned with the mechanism by which the normal subject maintains his fairly constant blood sugar level as recently shown by Jonas and his associates (5), Trimble and Maddock (6) and Sweeney (7) . They show that the normal subject maintains a blood sugar almost invariably between 80 and 140 mgm. per cent during such diverse activities as rest, sleep, mild exercise, work, and eating.
Schirokauer (8) was the first investigator who studied the rise in blood sugar following the oral administration of levulose. He found in normal subjects little or no rise in blood sugar. This work was confirmed by other German investigators (9) (10) . MacLean and de Wesselow (1) found levulose to be the only sugar which caused no definite rise in blood sugar in normal subjects. Following up this work, Spence and Brett (11) administered levulose according to body weight to fasting subjects. Using MacLean's blood sugar method and 30 minute samples for two hours, they found the maximum rise in blood sugar to be 12 mgm., and the highest blood sugar obtained to be 112 mgm. per cent. Five normal subjects were studied. Tallerman (12) The average or composite of all 81 tests is given in table 2, and is graphically shown in figure 1. In this curve it will be noted that the rise in blood sugar was 10.1 mgm. occurring at the 30 minute period. Figure 2 compares the composites of the curves obtained in the normal and convalescent groups. It will be noted that the curves are, for all practical purposes, identical. The greatest deviation from each other is 3 mgm. at the 60 minute period. At this point the probable error of the two composite curves is 1.35 mgm. To be significant there must be a variation of at least three times this error. Therefore the convalescent patients chosen as normal first, and the third lower than the second. To see if this apparent improvement in tolerance to glucose was also true for levulose the test was repeated three times on twelve normal subjects at intervals of 7 days or longer. If the tolerance to levulose can be measured by the absolute rise above the fasting level 4 subjects showed a progressive improvement in tolerance to levulose. Three subjects showed a progressive fall in tolerance by the same criterion. If one takes a progressive lowering of the height of the maximum blood sugar as improvement in tolerance, the figures for only one subject show this. By the same criterion one subject showed a progressive impairmentin tolerance. By the above methods of analysis there is no evidence of a progressive 36gP improvement in tolerance. If the composite curves for the three groups are examined ( fig. 3) cluded in one group, as were those of 105 mgm. or over. Figure 4 gives the various composite curves obtained. It is dear that the higher the fasting blood sugar level the smaller is the rise in blood sugar above that level. This relationship is better shown in the ogive correlation in figure 5 . With a fasting level below 75 mgm. note that the rise is 22 mgm., while in the group with a fasting level above 104 mgm. note that the rise is nil. In the groups between 80 and 99 mgm. this relationship is statistically true, and therefore probably not the result of random sampling. However, for the two ex-treme groups of high and low fasting values the number of curves is too small to permit conclusions to be drawn. It may be calculated that 400 tolerance tests would be required to produce a minimum of ten cases in each of these groups if the distribution of the fasting blood sugar values remained as in this group of 81 tests. jects there was a slight rise at the 45 minute period above the 30 minute period. In these subjects, however, the 30 minute blood sugar did not exceed the average for the group, thus agreeing very closely with the results obtained in those tests having a "natural" fasting blood sugar of 95 to 104 mgm. The individuals having a blood sugar at the thirty minute period above the average for the group invariably showed a lowering at the 45 minute period, agreeing very closely with the composite curve of those individuals having a "natural' fasting blood sugar of 105 mgm. or over. These results were so consistent that it was decided to substitute the same amount of glucose for the levulose administered at the thirty minute period. The same subjects again volunteered'and a glucose tolerance test was preceded by thirty minutes by 20 grams of glucose. It was our purpose to show that if glucose was administered to subjects with a high normal blood sugar that a hyperglycemia would result. Curve 3 in figure 6 shows that such was not the case, but the curve was practically identical with the case when levulose was administered. Table 4 gives the individual curves. It is noted, however, that when glucose was given the fall during the first portion of the curve was possibly not as rapid as when levulose was given.
DISCUSSION
The factor or factors influencing the type of blood sugar curve obtained by various sugars, notably glucose, levulose, and galactose have been variously explained. Folin and Berglund (18) consider absorption of sugar from the blood by the tissues rather than glycogen formation the immediate reason the administered sugar fails to accumulate in the blood. The slight rise in blood sugar when levulose is administered is explained by the fact that the tissues are practically free from levulose, and relatively "saturated" with glucose. This hypothesis has been questioned by Foster (2), Reinhold and Karr (19) and by Bodansky (20) who show that there is a greater rise in blood sugar with galactose than with glucose. Rienhold and Karr (19) believe that the ability of various carbohydrates to produce hyperglycemia varies directly with their rate of absorption, and inversely with their ability to form glycogen and their ease of being oxldized. Levulose is absorbed slowly but, being a good glycogen former and readily oxidized, causes only a slight rise in blood sugar. Cori and Cori (21) have shown in rats that levulose is absorbed more slowly than glucose and that galactose is absorbed more rapidly than glucose after oral administration. In four hours time approximately 16 per cent of the glucose absorbed is deposited in the liver as glycogen (21) while 40 per cent of the levulose and 5 per cent of the galactose absorbed are deposited in the liver as glycogen.
The facts presented in this paper seem to add additional information upon the type of blood sugar curve obtained by glucose and levulose, and by inference the explanation for the type of curve obtained with galactose. We may assume first, that there is an excitatory ceiling or level of blood sugar in normal subjects between 95 and 110 mgm. per cent at which the sugar storage mechanism is stimulated. We may further assume, since crystalline insulin itself shows a latent period when injected intravenously (22) , that an interval of 10 to 15 minutes elapses after this excitatory ceiling is reached before the sugar storage mechanism begins to effect a significant fall in blood sugar. In this view sugar administered per os would drive the blood sugar above the excitatory ceiling because of the continued absorption during the latent period. Those sugars which are most rapidly absorbed (galactose) would overshoot the ceiling considerably and the blood sugar curve would not start to fall until a level of about 160 mgm. per cent had been reached: sugars of slower absorption (glucose) would overshoot the ceiling less (140 mgm. per cent) and slowly absorbed sugar (levulose) would overshoot it butlittle (115 mgm. per cent). MacLean and de Wesselow (1) believe the level of blood sugar at which the carbohydrate mechanism is stimulated to be about 140 mgm. following administration of glucose. We have shown that if the blood sugar is raised by a preliminary dose of 20 grams of glucose to 100 mgm. per cent, a second dose of 40 grams is followed by an immediate fall, and not a rise to about 140 mgm. as would be expected by the explanation of MacLean and de Wesselow. This result agrees with our interpretation that the sugar storage mechanism is stimulated at a blood sugar level of 95 to 110 mgm. per cent, and was therefore active when the second dose of sugar was given. The high blood sugar level obtained at the thirty minute period when 40 grams of glucose alone was given ( fig. 6 , Curve I) is the result of an overshooting of the excitatory ceiling during the latent period in consequence of its absorption during the 15 to 30 minute period.
This hypothesis also explains why the rise in the blood sugar above the fasting level following the administration of levulose varies inversely with the height of the fasting blood sugar level. In an individual having a very low fasting level the rise must of necessity be comparatively great before a fall occurs since the storage mechanism probably remains dormant until a level of 95 to 110 mgm. has been reached. This hypothesis seems to explain the progressive fall in blood sugar in the group having a fasting level of 105 mgm. or more.
SUMMARY AND CONCLUSIONS
Ninety-one levulose tolerance tests and 12 glucose tolerance tests have been performed on normal subjects under a variety of conditions. Results have been tabulated according to the fasting blood sugar level with the following conclusions:
1. In normal subjects the maximum blood sugar following administration of 30 to 50 grams (based on body weight) of levulose by mouth rarely exceeds 115 mgm. per cent.
2. A rise in blood sugar to 125 mgm. per cent or over should be considered an abnormal response to the oral administration of levulose.
3. In the group of convalescent subjects included in this study the levulose tolerance was the same as in the normal subjects studied.
4. Triplicate levulose tolerance tests performed on normal subjects 7 or more days apart show no significant variation in their blood sugar curves.
5. In normal subjects the rise in blood sugar above the fasting level following the oral administration of levulose varies inversely with the height of the fasting blood sugar level.
6. It seems probable that there is a level of blood sugar varying from 95 to 110 mgm. per cent, which when exceeded stimulates the sugar storage mechanism to clear the blood rapidly of its excess sugar. A period of 10 to 15 minutes elapses after this excitatory ceiling is reached before the sugar storage mechanism begins to cause a significant fall in blood sugar. The rise in blood sugar above this level depends upon the rapidity of absorption of the sugar administered. The rapidity with which the blood sugar falls from its peak probably depends upon the glycogen forming ability of the sugar used. 
